Objective: To define the relationship between Functional Movement Screen (FMS) scores and hop performance, hip strength, and knee strength in collegiate football players.
INTRODUCTION
Preparticipation physical examinations have become common practice to screen athletes and often include anthropometric, flexibility, and strength measures, with the aim to predict injury risk. Recently, interest has grown in screenings that reflect neuromuscular control during basic motor tasks. One method to quantify fundamental movements in athletes is the Functional Movement Screen (FMS). The FMS was introduced as a "different approach to injury prevention and performance predictability" 1 and consists of 7 tasks. Scores on each task are based on execution criteria, including aspects of mobility, stability, and compensatory movements. The FMS aims to "pinpoint deficient areas of mobility and stability that may be overlooked in the asymptomatic active population." 2 Multiple studies have assessed performance on the FMS in different populations. [3] [4] [5] [6] Interestingly, some studies have reported that athletes with lower FMS scores are at increased risk of athletic injury. [7] [8] [9] [10] [11] [12] However, O'Connor et al 10 found that the risk of injury was also higher for subjects who had FMS scores $18. Moreover, the earlier studies were retrospective and the prospective studies did not always take into account the mechanism or type of athletic injury, and a recent review concludes that there is only moderate evidence for a relation between FMS score and injury risk. 13 The FMS may be a valuable test for certain purposes, but it does possess potential flaws. First, the FMS requires specific equipment and training, which is not free of charge; a single FMS certification and FMS test kit cost $600 to $1000. Second, from a biomechanical perspective, it can be questioned whether the selected movement tasks adequately reflect actual measures of interest, especially with respect to injury prediction. For instance, the "trunk stability push-up" is purported to "test the ability to stabilize the spine in an anterior and posterior plane." However, subjects with perfect trunk stability could not score high on this task when they have insufficient arm strength to perform a push-up with their thumbs aligned with the top of their forehead (3 pt) or chin (2 pt). Also, the different FMS tasks do not seem to represent unitary constructs, which brings the use of the summed score into question.
14 Moreover, the FMS score depends on the subject's knowledge of the grading criteria. 15 When testing a group of firefighters before and immediately after they received information about the scoring system of the FMS, it was found that subjects performed significantly better after they learned about the grading criteria. 15 This finding indicates that the FMS may not reflect true deficiencies in fundamental movement control.
Many other tasks that are used to quantify athletic performance require maximal effort. These tasks are characterized by simple and straightforward instructions (ie, "go as far, fast, or high as you can"), and scoring criteria are known a priori. Another advantage is that maximal effort tests usually quantify an isolated outcome measure of interest (ie, quadriceps strength, hop distance, or run time). Although some of these tests may require expensive equipment (eg, dynamometers), other tests can be scored using a simple tape measure or stopwatch. Usually, maximal effort-based tasks are performed bilaterally, which allows for calculation of asymmetries between limbs as well. Limb asymmetries may be associated with increased injury risk 16 and are often considered in guidelines for return-to-sport after an athletic injury. 17 The purpose of this study was to define the relationship between FMS score and maximum effort-based measures of performance in athletes. Specifically, we studied how FMS scores were related to hop performance, isokinetic knee strength, and isometric hip strength in a population of NCAA Division I football freshmen. Because the FMS is supposed to measure fundamental movement control rather than pure strength, our primary hypothesis was that FMS scores would be positively correlated to hop test performance but not to hip and knee strength measures. Our secondary hypothesis was that limb asymmetries in hip strength, knee strength, and hop performance would coincide with asymmetries in FMS tasks.
METHODS

Subjects
Fifty-nine freshmen of an NCAA Division I football team (all male) participated in this study (age = 18 6 0.6 years, height = 1.86 6 0.06 m, mass = 106 6 20.2 kg). The study protocol was approved by the Institutional Review FIGURE 1. The 4 different hip strength tests: side-lying abduction and external rotation (upper and middle panels) and standing abduction and external rotation (lower panels). Note that standing external rotation strength was recorded for both limbs simultaneously, whereas the other strength tasks were measured for both limbs separately. Board, and all subjects (or parents for minors) provided written informed consent.
Data Collection
The subjects rotated through each of the 4 data collection stations: FMS, knee strength, hip strength, and hop tests. To prevent any effects of fatigue, the order of rotation differed between subjects, and subjects were allowed to take a break between each station. The order of testing the dominant and nondominant limbs varied between subjects and between stations to prevent any learning bias. All athletes were tested on Wednesday afternoon, before the preseason, and the amount of physical activity before data collection was similar between all athletes.
Functional Movement Screen
The FMS tasks were performed using the official testing kit and exactly as described by Cook et al. 1, 2 Two raters (n = 38 and n = 21) were extensively trained in FMS testing and they observed the movements in different planes of motions. Rater 1 was a licensed athletic trainer with sound background in functional anatomy and motor learning, who had extensive experience with FMS testing (;100 screens). To limit any potential bias between raters, rater 2 was trained by rater 1. If the score on a task differed between limbs, the lower of the 2 was used to calculate the total FMS score, and the amount of asymmetry was recorded for a separate limb asymmetry analysis. Subjects received instructions about the tasks that they had to perform but were not informed about the grading criteria to mimic a standard screening procedure.
Knee Strength
Knee strength was measured on a Biodex System 3 dynamometer (Biodex Medical Systems, Shirley, New York). We tested maximal isokinetic quadriceps and hamstrings strength at 2 different speeds in both limbs. The lower speed was set at 608/s, with 5 repetitions per trial, and the higher speed was set at 3008/s, with 10 repetitions per trial. Subjects were verbally encouraged to "kick out" and "pull back" as hard as they could over a range of 908 of knee flexion and extension, and we recorded peak torques. Most athletes (n = 39) performed 1 trial for each of the knee strength measures, and for athletes who performed 2 trials (n = 18), the maximum peak torque was used for further analysis. Athletes had approximately 30 seconds rest between tests on 1 leg.
Hip Strength
Maximal isometric hip abduction strength was assessed using a load cell between 2 straps that recorded maximal force between the distal ends of the thighs. We measured hip abduction and external rotation strength in side-lying and standing positions (Figure 1 ). Subjects were instructed to increase tension between the straps on a 1-2-3 count and subsequently kick out as hard as they could for another 3 seconds. All values of peak force were averaged over the number of repetitions that each athlete performed, which was either 2 (n = 28) or 3 (n = 25). Between repetitions, athletes had a minimum of 10-second rest. If an athlete failed to perform the test according to the instructions, for instance, when tension between the straps was not gradually increased, the trial was redone. Figure 2 shows the set of 4 different hop tasks employed. 18 Subjects were instructed to hop as far or as fast as they could and performed the tasks bilaterally. Three of the hop tests were scored for distance (tape measure) and one was scored for time (stopwatch). Subjects performed each hop task twice and the average performance was used for further analysis.
Hop Tests
Data Analysis
In addition to the FMS scores, hop performance, and hip and knee strength measures, we assessed limb Ratio of asymmetry ¼ absðdominant 2 nondominantÞ dominant · 100%:
(1)
Statistics
We first assessed our outcome measures for normality by checking the histograms, quantile-quantile plot, and Shapiro-Wilk test results. Because FMS scores were not normally distributed, we calculated Spearman correlation coefficient to assess the relationship between FMS scores and the hop and strength measures. Missing values were discarded from analyses, as not all subjects completed all tasks. To test the hypothesis that asymmetry on hop and strength tests coincides with asymmetry on the FMS, we performed x 2 analyses. We also calculated Spearman correlation coefficients to determine whether the amount of limb asymmetry on the FMS tasks was related to the ratios of limb asymmetry on the other tests. The level of significance was set at a = 0.05.
RESULTS
None of the players reported any pain during the clearing examinations or FMS tasks, and the mean total FMS score was 14.3 (62.2). Table 1 provides the mean values and SDs for the hop performance and hip and knee strength tests.
In line with the primary hypothesis, significant correlations were observed between FMS scores and performance on the hop tests but not between FMS scores and hip or knee strength measures. Figure 3 shows that athletes typically hopped further (but not faster) when their FMS scores were higher. Correlations were highly significant for the single hop on the dominant leg (r = 0.436, P = 0.016) and for the triple and crossover hops on both legs (r = 0.38-0.56, all P # 0.016). The correlation between FMS score and single-hop distance on the nondominant leg did not reach significance (r = 0.351, P = 0.057), and no correlations were observed between FMS score and performance on the 6-m timed hop (both P $ 0.157). Figures 4 and 5 demonstrate the absence of significant correlations between FMS scores and hip or knee strength (all P $ 0.206).
Fifty-nine percent of the athletes (35 of 59) demonstrated limb asymmetry on at least one of the FMS tasks that involved the lower extremity. More than 15% asymmetry was more common in hip and knee strength measures than in hop test performance. Table 2 shows that the proportion of athletes with and without asymmetry in FMS performance was highly similar between groups with and without asymmetries on the strength and hop tests. However, a significant correlation was observed between the amount of asymmetry between limbs on the FMS tasks and on the 6-m timed hop (r = 0.44, P = 0.002). So, athletes who obtained different scores for their left and right limbs on the FMS also demonstrated a larger difference between limbs in the time they needed to complete a 6-m hop test. No such correlation was found between FMS asymmetry and asymmetry on the other hop tests (all P . 0.078), knee strength (all P . 0.345), or hip strength measures (all P . 0.592).
DISCUSSION
Functional Movement Screen scores were significantly correlated to hop test performance in collegiate football players. Athletes with higher FMS scores hopped further, but not faster, than athletes with lower FMS scores. No correlation was observed between FMS scores and multiple hip and knee strength measures. These findings support the primary hypothesis and indicate that the FMS and hop tests for distance may provide similar information about an athlete's functional capacities, whereas hip and knee strength testing may provide additional, functionally different, information. The secondary hypothesis, that limb asymmetries in strength measures and hop performance would coincide with asymmetries in FMS task performance, was only supported for the 6-m timed hop task. The absence of a relationship between limb asymmetries on the FMS and limb asymmetries on the hip and knee strength tests indicates that differences in functional performance between limbs did not coincide with differences between limbs in strength.
Previous studies have evaluated the relationships between FMS scores and other measures of performance. In golfers, no significant correlation was observed between FMS scores and sprint times, vertical jump height, agility, or club head velocity. 19 This is in line with recent statements on the misconceptions and myths of the FMS by its developers that the FMS does not intend to measure athletic performance. 20, 21 However, in recreational athletes from various backgrounds, some significant correlations were observed between scores on single FMS tasks and agility, single-leg squat, and a backward throw. 22 However, some of these correlations were negative, indicative of worse athletic performance with a higher score on a single FMS task. Unfortunately, the authors did not report any actual values of FMS or other test scores, and the total FMS score was not included in their correlation analysis. 22 A significant correlation between FMS score and crossover hop distance was previously observed in active service duty members. 23 The correlation coefficient in that study was lower than in this study, which may be explained by the different distributions in FMS scores (15.7 6 2.0) and crossover hop distance (4.28 6 1.01 m) in that study compared with those in this study.
The strongest correlations in this study were observed between FMS score and crossover hop distance. This indicates that the crossover hop for distance may be an adequate, simple, and time-efficient alternative for the FMS. Athletes with higher FMS scores also performed better on the triple hop for distance, whereas the correlation between FMS score and single-hop distance was only significant for the dominant limb. This information is relevant for coaches and athletic trainers, as screenings are typically designed with the aim to maximize the amount of relevant information gathered in a minimal amount of time. Ideally, each test 19, 22 Those studies did not report whether data were checked for normality, but parametric tests were inappropriate for this study. As FMS performance is usually summarized to a total score, this standard scoring system was used for our main analysis. However, it could be argued that certain portions of the FMS (ie, shoulder mobility) would not affect lower extremity strength or hop performance. Therefore, we performed a subanalysis with the sum of 3 FMS tasks that specifically target the lower extremity: squat, hurdle step, and in-line lunge. This subscore was significantly correlated with the triple and crossover hops for distance but not to any of the hip or knee strength measures. Hence, the absence of correlation between FMS scores and lower extremity strength was consistent both for the total FMS score and for a subscore of specific FMS tasks that target the lower extremity.
One of the limitations of this study was that while all subjects completed the FMS, not all subjects performed all other hop and strength tests, because of strict time constraints of the data collections. Therefore, the number of athletes included in the correlation analyses differed per task. However, with a minimum number of 30 athletes for each task, we are confident that the results are representative of the population. As all athletes rotated through the screen stations in random order, we are confident that the missing values are not a source of potential bias. Another limitation is that the amount of resting time between the different tests was not standardized. Furthermore, no practice trials were included for the FMS, although a recent review recommends a practice trial to reduce the "noise" of a learning effect. 13 Also, although the observed correlations between FMS scores and hop distance were highly significant, the magnitude of the correlation coefficients indicates that hop performance explained 15% to 31% of the variance in FMS scores. This implies that both tests also have a substantial amount of unique variance and thus do not measure the same thing. These findings support recent developer's statements on the misconceptions and myths of the FMS that additional tests are recommended for a complete assessment of readiness to compete or return to competition. 21 A final limitation of this study may be the presence of body mass index (BMI) as a confounding factor. Athletes with higher BMI typically demonstrate lower FMS scores 4, 24 and reduced athletic performance 25, 26 but higher muscle strength. We presented the raw (nonnormalized) data because body mass likely affected all of our outcome measures. Future studies are needed to assess how FMS scores are related to hop performance and lower extremity strength when BMI is controlled for.
In sum, we found that FMS scores were related to hop test performance but not to hip and knee strength measures, in NCAA Division I football players. These findings indicate that a triple hop for distance may be a time-efficient and costefficient alternative to the FMS total score and that the timed 6-m hop may be particularly valuable for asymmetry screening in athletes. In addition to being quicker and less expensive, hop tests have a transparent scoring system, whereas FMS scores are affected by whether or not the athlete is familiar with the grading criteria. 15 Although limb asymmetry on the FMS was correlated to limb asymmetry on the timed 6-m hop, no such relationship was observed between FMS asymmetry and strength asymmetry. So functional asymmetries do not necessarily reflect strength asymmetries or vice versa.
